Chronic pressure and volume overload result in morphologically and functionally distinct forms of myocardial hypertrophy. In essential hypertension, the respective effect of these factors on the morphology of the left ventricle remains unknown. In the present study, we hypothesised that activity of the renin angiotensin system (assessed by plasma renin activity) may be associated to the variability of the left ventricular adaptation to essential hypertension. To assess this relation, we categorised by echocardiography 333 never-treated hypertensive patients, according to values of left ventricular mass and relative wall thickness. Higher systolic and pulse arterial pressure was strongly associated with concentric left ventricular hypertrophy (27% of hypertensives). When compared to the normal left ventricle group, patients with eccentric left ventricular
Introduction
Left ventricular (LV) adaptation to essential hypertension has been shown to be more complex than expected. In early echocardiographic studies, subjects were divided into groups with or without LV hypertrophy, ie increased or normal LV mass. It was subsequently recognised that patients with LV hypertrophy could be further stratified into patients with concentric hypertrophy and eccentric hypertrophy without systolic dysfunction. 1 Patients with normal LV mass were further divided into those with 'concentric remodelling', characterized by increased wall thickness and normal LV mass, and those with a truly normal left ventricle. Thus, echocardiography can identify four geometric patterns of LV adaptation to essential hypertension in man. 1 The observation that cardiac index 1 and arterial volume 2, 3 were higher in patients with eccentric hypertrophy had suggested that, in addition to arterial pressure, cardiac volume load may affect LV chamber size.
The double burden of the heart with an increase of plasma volume (preload) and arterial pressure (postload), was well documented in hypertensives with severe obesity, in whom the most prevalent LV geometric abnormality was eccentric hypertrophy. 4, 5 However, few data are available on the geometric adaptation of the left ventricle in hypertensive patients without obesity. In secondary hypertension, activity of the renin-angiotensin system may modulate LV anatomy; in unilateral reno-vascular hypertension high-renin hypertension was associated with concentric hypertrophy, whereas in primary aldosteronism, low-renin hypertension was associated with eccentric hypertrophy. 6 In the present study, we hypothesised that activity of the renin angiotensin system may be associated to the variability of the LV adaptation in patients with essential hypertension. In order to eliminate confounding factors, patients with severe obesity were excluded. Accordingly, using echocardiography, we determined the prevalence of the different LV geometric patterns in never-treated hypertension and evaluated whether the impact of arterial pressure on LV geometry is associated with differences in plasma renin activity. In addition, in order to identify early cardiac and renal dysfunction that may influence volume balance and plasma renin activity, LV contractility as well as renal function were assessed.
Patients and methods

Study population
Studies were conducted in 333 never-treated patients (178 males from 18 to 59 years old and 155 females from 19 to 59 years old) with mild to moderate uncomplicated essential hypertension and high quality M-mode echocardiographic images. Patients were included from January 1994 to December 1998 at the out-patient clinic of the department. Prevalence of never-treated essential hypertensive patients is only 8% of the total hypertensive population evaluated in the department during the same period. The known duration of hypertension was 3-35 months. All patients had office blood pressure у 160 mm Hg systolic and/or у95 mm Hg diastolic on at least three visits. Subjects with severe hypertension (diastolic arterial pressure higher than 115 mm Hg) were excluded from the study. Patients had no electrocardiographic or echocardiographic signs of valvular, primary myocardial or coronary artery disease. Doppler echocardiography was used to eliminate valvular regurgitant lesions in all patients. Renal function was normal in all patients (serum creatinine less than 110 mol/l) and no sign of renal disease such as haematuria and proteinuria was detected. Female subjects on oral contraceptive therapy and patients with diabetes mellitus (defined as fasting blood glucose Ͼ6.7 mmol/l) were excluded from the study. In order to minimise the effect of body mass, age and exercise on LV mass, obese subjects (defined by a body mass index у30 kg/m 2 ), subjects older than 60 years and athletes (defined as a duration of physical activity of 1 h or more/24 h) were not included in the study. Also excluded were patients with a known history of alcohol abuse (more than five glasses of wine per day).
Blood pressure measurements
Initial elevated readings of arterial pressure obtained in the out-patient clinic had to be confirmed on at least two subsequent visits and an average sitting diastolic arterial pressure level above 90 mm Hg was required for inclusion in the hypertensive group. In addition, arterial blood pressure was repeatedly measured with an automatic device (Dynamap 845 XT, Critikon, France) during echocardiography and renal clearance studies. Reported values are the average of at least 10 measurements following a 10-min period of rest in the supine position.
Ambulatory blood pressure was recorded by the fully automatic units Spacelabs (Spacelabs, Redmond, WA, USA) set to take measurement every 15 min throughout the 24 h. The daytime period was defined as the time interval between 7.00 am and 10.00 pm and the night-time period as that between 10.00 pm and 7.00 am.
Determination of renal function and protein excretion
Renal studies were performed between 8.00 and 12.00 am. Glomerular filtration rate (GFR) was estimated by clearances of technetium-labelled diethylene triaminopentaacetic acid ( 99m Tc-DTPA), using the constant infusion technique, as previously described. 7, 8 Briefly, following induction of water diuresis and a 90-min equilibration period, three 20-to 30-min urine collections were obtained by spontaneous voiding. At the end of each clearance period, patients drank a volume of water equal to the preceding urine volume. At midpoint of each clearance period, blood was drawn for the determination of plasma radioactivity and haematocrit. Blood samples were obtained after 30 min in supine position and prior to clearance determination for the measurement of creatinine, electrolytes, plasma aldosterone concentration and plasma renin activity with radioimmunoassay techniques (CEA-Sorin Kit, Saclay, France). One to two consecutive 24-h urine collections were used for the measurement of sodium (as an estimate of sodium intake) and albumin by radioimmunoassay (Pharmacia, Uppsala, Sweden).
Echocardiography
An ATL Ultramark 4 system (Advanced Technology Laboratories, Bellevue, WA, USA) with an ATL 3.00 MHz mechanical transducer was used. M-mode, two-dimensional and Doppler echocardiography were performed by the same operator, prior to renal clearance determinations. M-mode studies of the left ventricle were guided by two-dimensional echocardiography using an optimal long-axis view below the tip of the mitral leaflets. M-mode tracings were recorded on strip-chart paper at 100 mm/s and analysed using a digitised table (Edelman Software Products, Houston, TX, USA) by two readers who had no knowledge of the patient's clinical status.
M-Mode LV geometric measurements and definitions:
Interventricular septal wall thickness (IVST), posterior wall thickness (PWT) and LV internal dimension (LVID) were measured at enddiastole (d) and end-systole (s). LV mass (LVM) was calculated by the Penn-cube method
where all ventricular dimensions are expressed in centimetres. LV mass index was calculated as LV mass/body surface area. LV hypertrophy was considered present if LV mass index exceeded 127 and 110 g/m 2 in males and females respectively (as derived from measurements performed in normotensive subjects). Relative wall thickness (RWT), a measure of LV geometry, was calculated as 2 PWTd/LVIDd. Concentric and eccentric hypertrophy were defined by the existence of increased (у0.45) or normal relative wall thickness respectively. Concentric remodelling was defined by the finding of normal LV mass associated with increased relative wall thickness. The coefficient of variation of the determination of LV mass (two determinations within 2 weeks) was 7.1% as assessed in 41 subjects.
End-diastolic and end-systolic LV volumes, as well as stroke volume were estimated using the Teichholz correction of the cube formula, 10 which has been shown to be accurate in patients with symmetrically contracting ventricles. 11 Cardiac output and peripheral resistance were thereafter calculated.
M-mode estimation of systolic LV performance:
Endocardial left ventricular fractional shortening was derived from preceeding parameters and using the formula:
Because all 'ejection-phase' measurements are affected by changes in afterload, ventricular performance was estimated at the operating level of systolic wall stress. According to the method described by Reichek et al, 12 meridional end-systolic wall stress expressed as 10 3 dynes/cm 2 was calculated as follows:
where systolic arterial pressure (SAP mm Hg) is considered representative of LV end-systolic pressure. Myocardial contractile performance was estimated by the afterload-corrected midwall fractional shortening according to the method reported by de Simone et al. 13 Midwall fractional shortening was estimated by taking into account the migration toward the epicardium of midwall left ventricular fibres from end-diastole to end-systole; it was expressed as observal value and as percent of predicted values as previously described.
14 The coefficient of variation of the afterload-corrected midwall fractional shortening was 5.8% (two determinations within 2 weeks).
Statistical methods
Data were expressed as mean ± s.d. Comparison between two groups was performed by one-way analysis of variance. If ANOVA showed an overall difference, Scheffe's post test were used for intragroup comparisons. Analyses were performed using Super ANOVA (Abacus Concept). Values for P Ͻ 0.05 was considered significant.
Results
The prevalence of LV hypertrophy was 42%. Normal LV anatomy was found in 39% of hypertensive patients, whereas 19% had concentric LV remodelling, 27% concentric LV hypertrophy and 15% had eccentric LV hypertrophy.
Clinical characteristics
No significant influence of age, sex-ratio, body mass index and duration of hypertension was detected by ANOVA (Table 1) . Arterial pressure differed among the four groups. Patients with concentric LV hypertrophy had the highest value of office systolic arterial pressure and pulse pressure when compared to the normal left ventricle group (P Ͻ 0.0007 and 0.01 respectively). Ambulatory blood pressures are reported in Table 2 . Compared with normal LV group patients with concentric remodelling and concentric LV hypertrophy had higher levels of systolic and diastolic blood pressure during the day. For patients with eccentric LV hypertrophy the differJournal of Human Hypertension ence with the normal LV group was significant only for day time systolic blood pressure. Mean nighttime systolic blood pressure was higher in all patients with abnormal LV.
Left ventricular morphology
Echocardiographic indexes of LV morphology among the four groups are summarised in Table 3 . Only patients with eccentric hypertrophy had a dilated left ventricle when compared with the normal LV group: the mean increase in end-diastolic diameter of 10% was less than the average increase of 16% in posterior wall thickness as a result of which relative wall thickness was slightly increased (0.39 ± 0.04 vs 0.37 ± 0.05) but the difference was not significant. Inversely, end-diastolic LV diameter was significantly decreased (P Ͻ 0.001) in patients with concentric remodelling when compared with the normal left ventricle group. In patients with concentric LV hypertrophy when compared to the normal left ventricle group, the mean increased of LV mass index of 40% was the result of an increased of wall thickness without changes in end-diastolic LV diameter.
Left ventricular performance
As summarised in Table 3 , LV systolic function as judged by the afterload-corrected midwall fractional shortening differed among the four groups. Interestingly, LV systolic function was normal in patients with eccentric LV hypertrophy. When compared to hypertensives with a normal left ventricle the afterload-corrected midwall fractional shortening was lower in patients with concentric remodelling and hypertrophy (P Ͻ 0.001 for both). In addition, in patients with concentric LV hypertrophy, alteration of systolic function was observed despite a decrease of systolic wall stress (P Ͻ 0.001) when compared to the normal left ventricle group.
Difference in cardiac geometry were also associated with differences in haemodynamic pattern. Patients with eccentric hypertrophy had a high cardiac index associated with reduced total peripheral resistances. In contrast, those with concentric remodelling and hypertrophy had subnormal cardiac index but had increased total peripheral resistance.
Renal function and renin activity
As summarised in Table 4 , there were no significant differences among the four groups in glomerular filtration rate when compared with the normal LV group. Urinary albumin excretion was not significantly different between hypertensive groups.
When compared to the normal LV group, low plasma renin activity (P Ͻ 0.02) was observed in patients with eccentric LV hypertrophy despite similar values of urinary sodium excretion (Table 4, Figure 1 ). No intergroup difference was observed in serum aldosterone and plasma renin activity to serum aldosterone ratio. ) 94 ± 9 100 ± 10* 101 ± 13* 95 ± 11 † Pulse pressure (mm Hg) 60 ± 10 62 ± 11 67 ± 15* 65 ± 14 Heart rate (beats/min) 68 ± 9 7 0 ± 9 6 7 ± 9 6 7 ± 12
Results given as mean ± s.d.: P value of ANOVA. *P Ͻ 0.05 vs hypertensives with normal LV; †P Ͻ 0.05 vs hypertensives with concentric LV hypertrophy. Day-night blood pressure drop Systolic (%) 11 ± 6 1 0 ± 6 1 1 ± 6 9 ± 8 Diastolic (%) 15 ± 7 1 2 ± 8 1 5 ± 8 1 4 ± 8
Results given as mean ± s.d.: P value of ANOVA. *P Ͻ 0.05 vs hypertensives with normal LV. 
Discussion
Recent studies have shown that arterial hypertension is associated with different patterns of LV hypertrophy and geometric remodelling. 1, [15] [16] [17] In this study, results extend these observations by documenting that, in never-treated lean patients with essential hypertension, in addition to systemic haemodynamics, adaptation of the heart to hypertension is associated to different values of plasma renin activity.
Effect of arterial pressure on LV geometry
In the present study, higher office systolic, diastolic and pulse arterial pressure were strongly associated to concentric LV hypertrophy. In hypertensives, the mean increase in systolic arterial pressure of 8% was less than the increased of 41% in LV mass index and 32% in relative wall thickness in the concentric hypertrophy group when compared with the normal left ventricle group; these results suggest that other mechanical factors may influence the development of concentric hypertrophy in hypertension. In this context, previous studies have suggested that a reduction in arterial distensibility paralleled LV concentric hypertrophy. 2, 18, 19 In the same way, our results outlined the role of pulse pressure as a determinant of concentric LV hypertrophy in hypertension.
In the present study, hypertensive patients with concentric LV hypertrophy were characterised by the association of two major cardiovascular risk factors: the highest arterial pressure and LV mass. These results were in agreement with recent observations from Koren et al 20 who classified patients with initially uncomplicated essential hypertension on the geometric pattern on their initial echocardiogram and revealed that the highest risk during a 10-year follow-up period occurred in those with concentric hypertrophy (21% had cardiovascular death, 31% had morbid events).
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LV geometry and function
In agreement with previous investigations, 1 the present study confirmed that patients with eccentric hypertrophy showed the most dilated LV cavity. In the study of Ganau et al, 1 the positive linear relation between stroke volume and minor/major haemiaxis ratio (an index of LV sphericity) suggested that differences in stroke volume paralleled variations in LV size and geometry. In the same way, recent studies 2, 3 have shown that an increase in arterial volume paralleled increased LV cavity size. These observations are compatible with an important role of cardiac volume load, which affects ventricular size and stroke volume and determining the pattern and extend of myocardial hypertrophy in hypertension.
An increased LV end-diastolic diameter in hypertension does not necessarily imply a depressed cardiac function, at least not in the early phase. Despite the increased wall stress in eccentric hypertrophy, ventricular performances as assessed by the afterload-corrected fractional shortening remains normal in the eccentric group. In the same way, when relative wall thickness remained normal in hypertensives without hypertrophy, systolic function was preserved. However, in accordance with previous studies 21, 22 the comparison between hypertensives groups suggest that myocardial function is slightly depressed in patients with an increased relative wall thickness. These observations suggest that inotropic properties of the left ventricle may be involved in modulation of LV mass and geometry. 23 
Renal function and microalbuminuria
LV hypertrophy may be associated with an increased probability of concomitant non-coronary vascular disease and consequent morbidity. As an example recent cross-sectional studies have demonstrated an association between carotid atherosclerosis and LV hypertrophy. 24 Additional observations have documented that in a large population of previously treated hypertensive subjects concentric LV hypertrophy was associated with an impaired renal function as assessed by an elevated serum creatinine level. 17 However, in the current study, we did not observe any significant difference in glomerular filtration rate among hypertensive patients with different patterns of cardiac remodelling. In addition, albumin excretion was not significantly different between hypertensive groups. This apparent difference between our results and the study of Shigematssu et al 17 may be explained by inclusion criteria. The most obvious clinical difference is that Shigematssu et al recruited subjects with a long duration of hypertension and an average increase of age of 20%. Thus, the results of the two studies are not necessarily incompatible. Different patterns of LV geometry and renal abnormalities may be dissociated at the early phase of hypertension and associated later.
Renin profile
Our results reveal that plasma renin activity was decreased in patients with eccentric hypertrophy despite similar values of urinary sodium excretion. There are two interpretations of the association between eccentric hypertrophy and low plasma renin activity. One is that low plasma renin activity is secondary to a volume overloaded circulation with an increased venous blood return to the left side of the heart. An alternative explanation is that activity of the renin angiotensin system is a direct modulator of ventricular adaptation to hypertension.
(a) The volume overloaded circulation hypothesis: With volume expansion, increased ventricular filling might be responsible for the ventricular dilatation and the release of renin from the kidney should be suppressed. Glomerular filtation rate and 24-h urinary sodium excretion were similar in the four groups, suggesting that differences in kidney function or sodium intake do not account for the observed differences in plasma renin activity. In addition, in the present study conditions with volume overload such as pregnancy, 25, 26 anaemia, 27 renal failure, 28 obesity 4,5 and exercise 29 which are known to result in eccentric hypertrophy, were excluded.
An increase in venous return has been described in subsets of hypertensive patients, particularly those with low plasma renin, 30, 31 and could be related to a high cardiopulmonary blood volume due to a decrease of venous peripheral distensibility 32 or an increase of blood volume, 33 or both. 34 In this regard, two mechanisms could be responsible for the decrease of plasma renin activity in hypertensives with eccentric hypertrophy: the influence of atrial natriuretic peptide and the neural reflex control of baroreceptors. An increase of cardiopulmonary blood volume may influence atrial natriuretic factor levels. In diseases associated with expanded cardiopulmonary volume, such as congestive heart failure or mitral stenosis, and after paroxysmal atrial tachycardia, atrial natriuretic factor levels also are increased. 35 In essential hypertension, a failing state is not indispensable for atrial natriuretic peptide expression in the hypertrophic ventricle. 36 In addition, Ganau and associates 37 demonstrated that hypertensive patients with an elevated level of natriuretic factor had significantly higher LV chamber sizes than normal subjects or hypertensive patients with normal peptide levels. Furthermore, it is of particular interest that the atrial natriuretic factor levels and plasma renin activity were inversely related in patients with essential hypertension, 37 suggesting an inhibitory effect of atrial natriuretic factor hormone on renin release from the kidney.
In addition to arterial baroreceptors, reflex control of plasma renin activity also depends on cardiac and most probably, ventricular receptors. 38 These receptors can buffer acute blood volume changes by modulating the renin-angiotensin aldosteron system and the plasma vasopressin levels. However, the role of chronic overload on these receptors remains unknown.
(b) The renin-angiotensin system as a direct modulator of ventricular adaptation to hypertension: A normal plasma renin value despite highest blood pressure in hypertensives with concentric hypertrophy may reflect a dysfunction of the renin system and suggest that renin secretion may be inappropriate in this group. Thus, the renin-angiotensin system may be activated and angiotensin II may have a direct trophic effect on the heart in hypertensive with concentric hypertrophy. In 36 untreated hypertensive patients, Schmieder et al 39 found an independant positive relationship between relative wall thickness and angiotensin II. In the same way, Shigematsu et al 17 reported that plasma renin activity and plasma aldosterone concentration were higher in hypertensive patients with concentric hypertrophy and renal failure than in those without concentric hypertrophy. 17 In addition, in unilateral renovascular hypertension high renin hypertension was associated with concentric hypertrophy. 6 In a recent study, Muscholl et al 40 found that elevated adjusted plasma renin activity levels are associated to elevated LV mass index but were not related to any specific pattern of LV geometry.
Conclusion
The variability of the cardiac hypertrophic response to hypertension was in part explained by the activity of the renin angiotensin system. Low renin hypertension was associated with eccentric LV hypertrophy suggesting a volume overload state. Because both geometry of the hypertrophied heart 20 and plasma renin activity 41 at the early phase of hypertension had a prognostic value, further studies will be needed to elucidate the implications for treatment of the spectrum of ventricular patterns in hypertensive patients.
